The effect of indomethacin (10 mg kg-I) on local CBF (l-CBF) was studied with autoradiographic techniques in awake, minimally restrained rats.
responding regional data, as obtained with an au toradiographic [14C]iodoantipyrine technique (Sakurada et aI., 1978) , showed that local CBF was reduced to between about 40 and 70% of control (Dahlgren et aI., 1981a) .
While it is clear that phenobarbital anesthesia, which by itself reduces CBF, markedly attenuates the circulatory effect of indomethacin (Dahlgren and Siesjo, 1981) , the question remains whether immobilization and/or nitrous oxide (or phency clidine) influences the response. The question is per tinent since autoradiographic results obtained in immobilized animals under 70% N 20 show a reduc tion due to indomethacin in CBF of cerebral cortical areas to 40-50% of control (Dahlgren et aI., 1981a) . By ordinary standards such a reduction in CBF should be close to that associated with signs of tis sue hypoxia. One previous finding indicates that nitrous oxide has but a small influence on the CBF response to indomethacin. Thus, a similar reduction in CBF was noted in animals ventilated on 70% N2 and 30% O2 (Sakabe and Siesjo, 1979; Dahlgren et aI., 1981a) . However, since the animals were paralyzed and adrenalectomized, the results do not conclusively prove the point.
In the present experiments we measured local CBF (l-CBF) in awake, minimally restrained rats following administration of indomethacin in a dose of 10 mg kg-J• Although the results confirm the re duction in CBF induced by the drug, they clearly show that this reduction is enhanced in ventilated animals maintained on 70% N20. In the following we will refer to this group by using the term "N20 anesthesia.' ,
MA TERIALS AND METHODS
The present article is based on 6 rats that were given indomethacin in a dose of 10 mg kg-I, i.v., 45 min prior to I-CBF measurement. The experiments were performed at a time when the same group of workers evaluated I-CBF in awake animals breath ing either air or 70-80% N20 in O2 (Dahlgren et aI., 198Ib) . Since the techniques were identical, the air-breathing animals of that material were used as the control group in the present study. The previous communication gave details of methods and ana lytical techniques. In summary, male Wi star rats (310-380 g) were allowed food pellets and tap water until the day of the experiments. In the late after noon, catheters were inserted in a tail artery and a tail vein under halothane anesthesia, and the base of the tail was infiltrated with a local anesthetic. A thermistor probe was inserted in the rectum for measurements of body temperature. After prepara tion, while still asleep, the animals were placed in a Perspex cage that was continuously flushed with room air. After 30 min, indomethacin was injected i. v. (about 0.35 ml solution). Forty-five minutes later, [14C]iodoantipyrine was infused intravenously during 45 sec and the animals were then decapi tated. During the 45 sec period, 11-14 arterial sam ples were collected for measurements of 14C activ ity. The tissue activity was determined in 22 defined brain structures with quantitative autoradiography.
Student's (-test was used for calculation of the significance in differences between groups.
RESULTS
Physiological parameters in the indomethacin injected animals were similar to those of the control group. Thus, means ± SEM for body temperature, arterial blood pressure, Pco2, Po2, and pH were
37.6 ± 1°C, 111 ± 2 mm Hg, 41.6 ± 0.9 mm Hg, 80 ± 3 mm Hg, and 7.42 ± 0.01, respectively.
In Table 1 , which gives the l-CBF data, the structures analyzed have been arranged in the fol lowing groups: motor, sensory, limbic, and hypothalamus. All structures showed a highly sig nificant (p < 0.001) and highly consistent decrease in l-CBF in animals given indomethacin. As the data demonstrate, I-CBF was reduced to between 55 and 75% of control. The least pronounced reduction in l-CBF (25%) was observed in two cortical struc tures (parietal and sensorimotor) and the most pro nounced one (45%) in hypothalamus, septal nuclei, and amygdala. Cortical structures, though, were not uniformly affected, since two of them (frontal and visual cortex) had reductions less than 30%, and one (auditory cortex) a reduction by 40%.
Since the present results demonstrate somewhat less pronounced reductions in I-CBF than those ob served in animals on N20 anesthesia, a direct com parison is warranted. In Fig. 1 the percentage re duction in l-CBF from control has been compared for awake animals (present material) and for those on N20 anesthesia (data from Dahlgren et aI., 198Ia) . In about half of the structures, the relative de creases in CBF were simiiar. However, in some other structures, animals on NzO anesthesia ap peared to show a more pronounced reduction in J-CBF, and in nine structures (cerebral cortical areas, the striatum, lateral geniculate body, supe rior colliculus, the habenula plus the striatum), the differences were highly significant.
The present results, which were obtained in awake and minimally restrained animals showing no signs of stress or discomfort, corroborate previous results showing that indomethacin markedly re duces CBF (see introductory remarks). The data are also in accordance with a previous study in con scious rabbits in which global CBF, as measured with a microsphere technique, was reduced by 25% following intravenous indomethacin in a dose of 20 mg kg-1 (Bill, 1979) . In the present study I-CBF was reduced to between 55 and 75% of control. A com parison with previous results, obtained in animals ventilated on 70% NzO, shows that NzO anesthesia accentuates the effect of indomethacin on CBF, at least in a number of cerebral structures. At first sight, the comparison between absolute CBF fig ures in awake and NzO-anesthetized animals given indomethacin indicates that this "interaction" be tween indomethacin and NzO anesthesia causes I-CBF to fall by 10-20% in all structures. However, such a comparison does not take into account the fact that NzO anesthesia by itself affects I-CBF. It seems warranted, therefore, to discuss details of the proposed interaction.
As described in a previous communication (Dahlgren et aI., 198Ib) , a comparison with results obtained in awake rats shows that N20 anesthesia affects CBF in some structures. In none of the structures analyzed did N20 anesthesia increase CBF significantly. However, in four of the five cortical structures analyzed the mean CBF values exceeded awake control values by 15-35%, sug gesting that N20 anesthesia tends to increase CBF somewhat in cerebral cortical structures. A much clearer effect, though, was the reduction in CBF in several structures. This was most marked (a de crease by 35-40%) in the cerebellum, inferior col liculus, oliva superior, and septal nuclei, but was also significant in the hippocampus, amygdala, and hypothalamus. Clearly, these results show that N20 anesthesia affects local CBF differently, the most pronounced differences being observed between, on one hand, most cerebral cortical areas and, on the other hand, cerebellum and limbic-hypothala mus structures.
In view of these results, it would seem preferable to discuss the modulating influence of N20 anesthesia on the response to indoemthacin from the percentage figures given in Fig. I . Clearly, these results demonstrate that N�O anesthesia enhances the effect of indomethacin in structures that show an upheld (or increased) CBF during N20 anesthe sia, while it has little effect on the indomethacin response in which the N20 anesthesia reduces CBF. In other words, in animals maintained on N20 anes thesia, the effect of indomethacin depends on the background pattern of CBF changes.
Many experimental approaches require immobili zation and artificial ventilation. For these, it is nec essary to establish circulatory and metabolic effects of drugs in the presence of immobilization, artificial ventilation and anesthetic/analgesic agents. How ever, it seems equally warranted to explore the ef fects elicited by such drugs in awake animals in the absence of stress, pain and/or discomfort. The pres ent results, which provide such information, dem onstrate that although indomethacin markedly re duces CBF under normocapnic conditions, this re duction does not exceed 45% of control in any of the structures analyzed.
